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The Lighting of Shipyards 


By J. S. McCULLOCH, Assoc.1.E.E.,\(Member).* 


Summary 
For examining the artificial lighting of a shipyard, the requirements 
are divided into those of: (i) Interior lighting, (ii) Lighting of outside 
areas, and (iii) Lighting of building berths. 
The sequence of operations in shipbuilding is shown on a chart and 
a description is given of the type of work carried out in various shops 
concerned with the preparation of material for the building of the ships 
on the berths. Typical lighting installations are described and the re- 
commended illumination values are stated. 
In addition to the workshops, the working area of a shipyard consists 
of large outside areas and the problems which have arisen in providing 
artificial lighting for these areas are discussed. 


(1) Introduction 


The shipbuilding industry is one of the oldest industries in this country and in 
its long life it has experienced many changes in prosperity. 

The reputation of British shipbuilding is based on design and craftsmanship. 
These qualities have been jealously guarded and handed down through generation 
after generation of management and craftsmen so that, to the beginning of the last 
war, the industry generally could be considered conservative—some would say 
backward—in its methods and outlook. At that time, however, the same accusation 
could be applied to other old basic industries such as agriculture and mining. 

Prior to 1939, lighting in shipyards was usually provided by the foreman electrician 
erecting above a machine a lamp hung from twisted flex, the lamp sometimes being 
fitted with an enamelled iron shade. Outside lighting usually consisted of a few 
“high wattage’ 300-watt lamps in dispersive reflectors tipped at an angle to direct 
the light where required. There were exceptions, but that was the general picture 
before 1939. 

During the last war, the demand for ships became so great that the industry 
was obliged to adopt new production methods. Shipbuilders realised that the relative 
position of this country’s shipbuilding industry and her competitors after the con- 
clusion of hostilities would not necessarily be to this country’s advantage. Labour 
costs were higher than they had ever been before and raw materials were likely to be 
scarce, whilst Holland, Belgium, Italy, Germany and Japan would have labour anxious 
for work, their yards would be reconstructed with modern machinery and they would 
set to work to recover their position in the markets of the world. About 1945 these 
factors led to an appreciation that the illuminating engineer and the lighting industry 
had a contribution to make to the well-being of the shipbuilding industry; it was 
tealised that suitable artificial illumination could benefit production. 

As very little information on the lighting of shipyards has been published pre- 
viously it is proposed in this paper to discuss the requirements for the artificial lighting 
of shipbuilding shops and outside areas, with particular emphasis on the latter, and 
to describe methods by which these requirements have been met in some yards on the 
North East Coast. Fig. 1 shows very broadly under shop headings, the sequence 
of operations in building a ship. 

For examining the artificial lighting of a shipyard it is convenient to divide the 
requirements into those for (i) Interior lighting, (ii) Lighting of outside areas, and (iii) 
Lighting of building berths. 





* The author is a partner of R. W. Gregory and Partners, Newcastle-on-Tyne. The manuscript of this paper 
was first received on December 10, 1951, and in revised form on January 30, 1952. The paper was presented at 
a meeting of the Society held in London on March 11, 1952. 
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(2.1) Administration and Design Offices 


The interior lighting of the administration and design offices of shipyards requires 
the same treatment as the offices of other industries. As an indication of the progress 
made by the industry, one North East Coast organisation is considering an installation 
of cold cathode lighting in a drawing office which will provide an illumination of 
60 lumens per sq. ft. 

The offices of a shipyard usually take their electrical supply from the Yard 
network and consequently they are metered on industrial tariffs. On the North East 
Coast special shipyard tariffs were negotiated many years ago and most have a block 
charge and not a maximum demand charge. There is not, therefore, the same 
economic encouragement to use fluorescent lighting as there is in ordinary commercial 
premises with comparatively high lighting tariffs. _ However, for their design offices 
many yards consider that the extra cost of fluorescent lighting is justified. It is 
probable that because of the move towards uniform tariffs, shipyards will have to 
accept maximum demand charges and this should result in a wider use of fluorescent 
lighting in all offices. 

It is in the interior lighting of the workshops of a shipyard that the requirements 
are in some ways special. 


(2.2) The Mould Loft 


In the mould loft the detail drawings of the design office giving the exacl 
dimensions of every plate and frame (or “ rib”) which go to make a ship, with all 
the changes in profile and drilling details of each plate and frame, are transferred to 
full-size templates made of wooden laths or steel tapes and to scrieve boards. 

The templates are used in the plate preparation and assembly shops for making 
and drilling the steel plates and assembling them. 

The scrieve boards are made of wood, somewhat thicker than the laths, on which 
are scrived the full scale profile of the frames of the ship. They are used in the 
frame shop for making the frames from steel sections (or “ bars”). 

The floor of the mould loft is made of smooth planed soft wood boards painted 
matt black, and can best be visualised as a huge horizontal blackboard which may be 
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600 ft. long by 120 ft. wide. The floor is the working plane and on the floor the 
details of the drawings are drawn out full size with white chalk. From the chalk 
lines the templates are made and marked with white paint and the scrieve boards 
are made and marked with scrived lines, the instrument used being a small specially 
shaped chisel called a scrive. 

Round the perimeter of the floor, benches are provided on which the design 
drawings are studied and “broken down” before transferring the information on 
them to the mould loft floor. 

The artificial lighting requirements for mould lofts have increased rapidly during 
the last few years. A well distributed general illumination of 15 lumens per sq ft. 
is considered reasonable; in the future, however, illumination values nearer to 
those of drawing offices may be required . The atmospheric conditions in a mould 
loft are good and the area is free of floor obstructions likely to affect a general lighting 
installation, though often templates are stored in hangers from the roof where they 
sometimes hinder the correct positioning of the light sources. 

Fluorescent lighting has not yet been used extensively because of the inability to 
justify its capital cost on single shift working with present tariffs. One scheme has 
been carried out in a mould loft, with an exceptionally high roof, using twin fittings 
housing a 250-watt MA/V mercury discharge lamp and a 500-watt incandescent lamp, 
but the higher capital cost did not justify the saving in consumption. Furthermore, 
the high lumen output of the twin fitting led to wide spacing of the light sources with 
detrimental effect on the perception of detail, despite the 14 to 1 spacing/mounting 
ratio. 

Good conditions of artificial lighting are provided by standard installations of 
dispersive reflectors housing 500-watt tungsten filament lamps; the reflectors are spaced 
about 15 ft. x 15 ft. and mounted 14 ft. high, giving an average illumination of about 





Fig. 2. Typical mould loft. 
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15 lumens per sq. ft. If the outer rows of fittings are spaced not less than 5 ft, 
from the walls, sufficient illumination is provided on the side benches without additional 
local lighting. Fig. 2 is a photograph of a typical mould loft lighting installation. 


(2.3) Plate Preparation Shop 

In this shop the raw steel plates are cut and drilled from the templates made in 
the mould loft. Mechanical handling of plates is used extensively and consequently 
modern plate preparation shops are high buildings, perhaps 50 ft. to the crane rails 
and some 65 ft. to the eaves. Both hand and automatic gas cutting are used in 
preparing plates in modern shipyards. This gives rise to some smoke in the 
atmosphere and it has been found necessary to allow a factor of 0.8 for absorption in 
addition to the usual 0.8 maintenance factor. 

A general lighting scheme giving an illumination of at least 10 lumens per sq. ft. 
is necessary, and supplementary local lighting is required for some of the tasks 
performed in this shop. When deciding the type of general lighting, the high mounting 
height and its effect on the cost of lamp replacement and reflector cleaning has to be 
considered, and also the effects on filament lamps of vibration from overhead travelling 
cranes. Schemes using filament lamps suspended from chains with and without 
vibration dampers, and schemes using discharge lamps have been installed. Evidence 
is conflicting on the values of vibration dampers in steel framed sheeted buildings 
housing heavy overhead travelling cranes; the expected lamp life in these shops 
appears to be about 750 hours, whether or not dampers are fitted. 

In estimating the annual costs of a projected scheme, special allowance is often 
made in high shops for the labour costs in relamping, but generally this does not amount 
to very much as overhead cranes form convenient platforms. Furthermore, on single 
shift working reflectors should be cleaned at shorter intervals than the expected lamp 
life, and relamping should be planned to coincide with reflector cleaning. It is sug- 
gested therefore that comparisons of labour costs for relamping filament and discharge 
lamps do not arise. With present shipyard tariffs and present costs of lamps, and 
allowing a life of 750 hours for filament lamps, the latter still provide the cheaper 
installation for single shift working. 

A good lighting scheme for plate preparation shops is provided by 1,000-watt 
general-purpose tungsten filament lamps in concentrating reflectors fitted with vibration 
dampers, spaced 20 ft. x 20 ft., mounted at roof truss tie beam level and giving an 
illumination of not less than 10 lumens per sq. ft. High bay fittings with 
anodised aluminium reflectors and cover glasses have been used on some installations, 
but the higher cost has not been justified. Dirt enters the fittings despite the cover 
glasses owing to the breathing which must take place between “hot” and “cold” 
conditions. Though reflectors have to be cleaned less frequently, the time necessary 
for cleaning is longer owing to the presence of the cover glasses. The best and 
cheapest method of cleaning reflectors is still that by which the simple detachable 
reflector is removed over or with the lamp and replaced from a stock of previously 
cleaned reflectors. 

One of the positions requiring supplementary lighting is the “marking off” 
tables. The wooden laths and steel tapes made in the mould loft are used to “ mark 
off” the raw steel plates for cutting and drilling, the markings being chalk lines and 
white paint. Directional lighting from one side of the table only, supplementing the 
general lighting, has been found to be more effective than increasing the general light- 
ing over the table area. The tables are generally sited along one wall of the shop, 
and 300-watt tungsten filament lamps in elliptical angle reflectors mounted on the wall 
about 18 ft. above floor level give the necessary directional light without causing un- 
desirable glare in the remainder of the shop. Lower mounting heights should not be used, 
because the cut-off is higher than 20 deg. below the horizontal and the ratio of 
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Fig. 3. ‘‘Marking-off’’ tables. 


spacing to mounting height above the tables should be less than one to one to give an 
even value of illumination on the tables. Fig. 3 is a photograph showing marking 
off tables with directionai lighting. 

Although gas cutting machines are tending to replace plate edge planers, many 
of the latter machines are still in use. They consist of a heavy base and head some 
40 ft. long, between which the steel plate whose edges are to be planed is held by 
hydraulic jacks incorporated in the machine. The planing tool is held in a carriage, 
in which the operator stands, and which is propelled by a worm drive or electric 
motor along the plate edge. Supplementary lighting on the edge of the plate is often 
necessary. 

Two-hundred-watt lamps in parabolic angle reflectors mounted at each end of 
the head have been tried and have proved unsatisfactory. The mounting height 
being only some 10 ft. above floor level, glare to other occupants of the shop is 
objectionable; moreover, the illumination varies considerably as the tool travels from 
one side of the machine to the other and moving shadows are a distraction. The only 
solution appears to be mounting the light source on the tool carriage. The vibration 
and shock effect are great, and 25-volt lamps in deep concentrating metal reflectors 
close to the tool stand the duty best. 

There was a demand at one time for supplementary lighting over the radial 
drilling and countersinking machines, but with good distribution 10 lumens per sq. ft. 
provides adequate illumination. Other machines in this shop such as_ shears 
and punches are of the heavy type but seldom need supplementary lighting if the 
general lighting is adequate; the use of these machines is declining with the develop- 
ment of gas cutting and drilling. 

The old method of controlling individual or pairs of lamps with local switches 
is not justified when using large output light sources in these new high shops, and 
the economics of contactor switching large groups should always be considered. 
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(2.4) Frame Shop 

In this shop the frames (or “ ribs”) of a ship are made from specially rolled steel 
sections or “ bars.” 

The scrieve boards from the mould loft are laid out in an area in the frame shop 
which is wooden floored like the mould loft. Using the scrived markings, the 
frame maker makes templates of the frames in steel strips about } in. by 4 in., or 
sometimes in 4 in. diameter steel rod. The floor is the working plane and, as in 
the mould loft, the work involves perception of fine detail. An illumination of 
15 lumens per sq. ft. is desirable. The lighting of scrieve boards requires the 
same type of installation as the mould loft (Section 2.2). 

The steel templates are taken to the bar bending floor where the raw bars, after 
heating, are bent or “ barred ” to the required profile. The bar bending floor consists 
of iron blocks perforated with holes about 1 inch square. The steel template is laid 
on the floor and a “ mould” or outline of the template is made with pins and wedges 
fixed in the holes. The hot steel bars are drawn from the furnaces on to the block 
floor and worked into shape by pushing them against the “mould” with hydraulic 
rams. 

Apart from the scrieve boards the work in this shop is not of a detailed nature 
and a general lighting installation similar to that of the plate preparation shop is 
satisfactory. If the mounting height allows, a spacing greater than 20 ft. x 20 ft. can 
be used however, as an illumination of 8 lumens per sq. ft. is sufficient in the frame 
shop compared with 10 lumens per sq. ft. required in the plate preparation shop. 

In modern frame shops with gas furnaces there is little smoke, though in 
older shops using solid fuel an additional factor of at least 0.8 should be allowed for 
atmospheric absorption. In one shop a correction factor of 0.7 was allowed for 
atmospheric absorption and cover glass fittings were used, but experience showed that 
owing to infrequent cleaning the light loss was greater than calculations allowed and, 
furthermore, overheating of the fittings arose. As standard equipment was used and 
ambient temperatures were not abnormally high, it was thought that some of the 
radiant heat from the lamps, normally reflected from clean reflectors and transmitted 
through clean cover glasses, was being absorbed by the dirt on the reflectors and 
glasses, so causing overheating of the fitting. Instruments were not available to check 
this theory, but it would be interesting to know if manufacturers have considered the 
temperature rise of dirty enclosed industrial fittings. 

As in the plate preparation shop, this shop also contains heavy shearing, punching 
and drilling machines, but supplementary lighting is seldom required. 


(2.5) Assembly Shop 

Arc welding is rapidly replacing riveting in ship construction, and the modern 
method of shipbuilding is to fabricate and assemble large “ pieces” of the ship, under 
cover in assembly shops if possible, and transport the completed pieces by rail and 
crane to the berths on which the ships are being built. This technique has resulted 
in the demand for very large assembly shops, two modern examples being 1,200 ft. 
long by 150 ft. wide and 750 ft. long by 250 ft. wide. The need to handle the 
pieces in the shop and turn them over for welding calls for very high shops, and 
overhead crane tracks in modern shops are some 50 ft. high, giving an eaves height 
of about 70 ft. 

The working plane varies from the floor level on which the welding skids are laid 
and on which the prefabricated pieces are first built, to perhaps some 25 ft. above 
floor depending on the final size of the built-up piece. Assembly of these large 
sections involves gas cutting and shearing, bending and straightening, and welding and 
riveting of large steel plates and sections. 

A general lighting scheme giving an illumination of 10 lumens per sq. ft 
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Fig. 4. A large assembly shop. 


is required, but supplementary lighting is necessary on some machines, for example 
the plate benders and straighteners. These are very large machines, some 40 ft. long, 
in which plates up to 1 inch thick are bent cold to the required profile. Because of the 
massive head, supplementary lighting is sometimes required to illuminate the position 
where the plate both enters and leaves the rollers. High values are not required but 
the loss of general lighting due to the overhanging head needs replacing by supplemen- 
tary lighting. 

Normal lighting installations for assembly shops are similar to those described 
for plate preparation shops, a typical installation in a large assembly shop being 
shown in Fig 4. 

Schemes have been designed for these large shops using combinations of 250-watt 
MA/V and 500-watt tungsten filament lamps, but when compared on an economic 
basis with high wattage filament lamps alone having efficiencies of 18 lumens per watt, 
the cost of the latter is less per annum for single shift working with present costs of 
equipment and tariffs. 

Recent developments of mercury discharge lamps of 1 kw and 24 kw rating 
open up new approaches to assembly shop lighting, but again the economics on single 
shift working must be considered. These discharge lamps have been used recently in 
industrial premises in conjunction with 14 kw vertical and 2 kw horizontal filament 
lamps, giving enormous lumen outputs from unit sources and permitting extremely wide 
spacings. It is doubtful whether the illumination provided by such wide spacings will 
Prove satisfactory for operations such as riveting, gas cutting and shearing carried 
out in shipyard assembly shops, and it would be useful if some experiences were pub- 
lished soon of such work under these high output sources. 

Group switching is required for these large shops and the economics of contactor 
switching with the resultant saving in heavy cabling should be examined. 


(2.6) Other Shops 
The shops described in Sections (2.2) to (2.5) provide the material required to 
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build the hull and interior compartments of the ships on the berths. The remaining 
trade shops of a shipyard, such as the fitters’, plumbers’, electricians’, blacksmiths’, 
coppersmiths’, sheet iron workers’, joiners’, cabinet makers’ and painters’ shops, are con- 
cerned mainly with fitting out the ships after they have been launched from the 
berths, and artificial lighting in these shops seldom presents problems which are not 
found in similar shops in other industries. 


In considering the design of interior lighting for shipyards, mention has been 
made of the economic comparisons on single shift working of different types of light 
sources. Up to the present time, outside working on ships on the berths throughout 
the hours of darkness has not been practicable to any great extent. The number of 
ships a yard can build per annum is limited by the length of time the, ships occupy 
the building berths, and the accommodation provided for the inside trades is of such 
size that they can, on single shift working, supply enough material to keep the building 
berths fully occupied. 

If artificial illumination could be provided in sufficient quantity and of such 
quality to enable work on the building berths to be carried on economically through- 
out the hours of darkness, then multiple shift work would be required in the various 
shops. 


(3) Lighting of Outside Areas 


In addition to workshops and building berths, the working area of a shipyard 
consists of large outside areas, and the artificial lighting of these areas has presented 
interesting problems. The responsibility of shipyard managers to provide adequate 
artificial lighting is made clear in the Preliminary Draft of the New Code of the 
Revision of Regulations for Shipbuilding and Ship Repairing under the Factory Acts. 
Part If] under a section entitled “Means of Access and Staging” opens with a 
paragraph reading as follows: “ Without prejudice to the other requirements of these 
Regulations there shall, so far as is reasonably practicable, be provided and maintained 
safe means of access to every place at which any person has at any time to work in 
connection with the operations.” 


It seems reasonable to suppose that to comply with this regulation in the hours 
of darkness adequate artificial lighting must be provided. In Part VI of the same 
Preliminary Draft there is a special section entitled “Lighting,” Paragraph 63 (1) of 
which reads: “ All parts of a vessel where the operations are being carried on, and all 
approaches to such parts and to places to which a person employed may be required 
to proceed in the course of his employment, shall be sufficiently and suitably lighted, 
so, however, that due regard should be had to the safety of the vessel and cargo and 
of the navigation of other vessels and to any legal statutory requirements as to the 
lighting of the harbours or docks.” This regulation makes plain the responsibility 
of a manager of a shipyard or drydock to provide adequate artificial lighting if work 
is to proceed outside during the hours of darkness. These two regulations will apply 
to any shipyard or drydock, including the precincts thereof, except where operations 
are carried out on vessels not exceeding 100 ft. in length. 

So far, shipyard managements have avoided working a five-day week throughout 
the year. A five-day week is worked during the summer months only, work ending 
at 5.30 p.m. In the winter months yards revert to a 54-day weck, work finishing 
about 4.45 p.m. This arrangement is not altogether satisfactory for, despite the earlier 
finishing hour, many working hours are lost in the mid-winter evening darkness, and 
the Saturday morning turn out of labour is poor. This arrangement between the 
shipbuilders and their employees is breaking down and employees are insisting on a 
five-day week throughout the year, claiming that they are the only engineering industry 
not working to this arrangement. If this demand is conceded, shipyard managements 
will have to provide artificial lighting for their outside working areas, and it will have 
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to be of such quantity and quality that work can continue as near normally as 
possible well into the hours of darkness during the winter months. 

In designing lighting equipment for outside use in shipyards it must be remembered 
that atmospheric conditions are often bad. The yards are generally sited in industrial 
areas and often close to the sea, and they all produce much smoke containing sulphur 
and other corrosive elements. : 

An opportunity for designing and installing a complete scheme of outside light- 
ing arose six years ago, when one of the large shipyards on the North East Coast 
decided to light a yard of over 40 acres to such a level that work could proceed outside 
at night. 

Fig. 5 shows the layout of the shipyard. Three requirements to be met were:— 

(i) The provision of a working illumination in various outside areas, e.g., the 
assembly areas at the heads of the berths, the plate racks and the bar 
racks, the Fitting Out Quay and the berths. 

(ii) The provision of movement lighting over the remaining areas of the yard. 
The movement of both material and labour between the various shops 
and the ships being built on the berths or being fitted out at the quay is 
very large. 

(iii) The provision of supervisory lighting over the whole area. 


(3.1) Assembly Areas 

Extensive assembly of large “pieces” of ships is carried out at the heads of 
building berths outside the assembly shops, as well as inside the assembly shops. 
All this pre-assembly work contributes to reducing the time that a ship occupies a 
berth, which is a fundamental factor in increasing the output of a shipyard. As in 
interior lighting, the degree of uniformity provided at the working level, which can vary 
from ground level to perhaps 20 ft. above ground level, should be as high as possible, 
and to prevent accidents deep shadows should be reduced to a minimum. 

The siting of the light sources presents many problems, most of which can be 
solved only by consideration of the conditions in each individual yard. In every 
installation, however, the number of supports must be kept to a minimum, as large 
unwieldy steel assemblies are continually passing from the assembly shops and the 
assembly areas to the berths. Movement of both labour and material is high. The 
intensity of beams projected by the light sources must be kept low for, during handling 
of the assemblies by cranes, men are often looking above the horizontal and directly 
into the beams. Furthermore, men on staging on the ships on berths adjacent to the 
assembly areas may be some 50 ft. above ground. 

No accurate data based on controlled tests is available for the values of 
illumination required to allow shipyard assembly work to proceed outside during the 
hours of darkness. It is necessary to consider not only the horizontal illumination at 
ground level but also the vertical illumination to cope with work on the vertical surfaces 
of large sections which may be 20 ft. high. For the installation being described, it was 
decided that an average horizontal illumination of one lumen per sq. ft. at ground 
level would be reasonable for the assembly areas. No doubt higher values would result 
in easier and faster work, but sufficient information was not available to justify the 
increased costs. 

Experiments were carried out with 1,000-watt tungsten filament lamps _ if 
conventional narrow beam floodlights mounted 50 ft. high, with wide angle open-type 
floodlights about 25 ft. high supplementing lighting in the area in the immediate vicinity 
of the support. (In assessing the value of these experiments the lighting of the Fitting 
Out Quay with its restricted width was an important factor.) Because the uniformity of 
illumination on the ground was too low, the ratio between maximum and minimum 
being over 10 to 1, this scheme was considered wasteful in projecting the available 
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THE LIGHTING OF SHIPYARDS 


light over the width of the area to be illuminated, namely 120 ft.. Furthermore, the 
intensity of the projected beams when viewed from the horizontal was considered too 
high. The floodlights then available were neither entirely suitable nor sufficiently 
efficient, so, in collaboration with a fittings manufacturer, an area floodlight was 
developed which gave a narrow distribution in a vertical plane, resulting in remarkably 
even illumination from immediately below the floodlight to a point on the ground a 
distance away equal to twice the mounting height. 

The floodlight was designed round a 400-watt MA/V mercury lamp operating 
horizontally with a magnetic arc deflector. In previous sections of this paper, it has 
been stated that for interior lighting discharge lamps in dispersive reflectors are not 
economic on single shift working when compared with filament lamps. Despite the 
expected low number of burning hours per annum, this outdoor installation of discharge 
lamps was justified however; their use in the special floodlights enabled a given 
uniformity of illumination at ground level to be obtained at a lower running cost than 
that of the installation of standard floodlights with filament lamps necessary for 
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INITIAL CONDITIONS: 18000 LUMENS. 


Fig. 6. Polar curve given by area floodlight using 400w. MA/V lamp. 
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comparable uniformity. This reduction in running costs more than balanced the extra 
capital cost. 

The reflector profile of this special floodlight and the polar curve of distribution 
in a vertical plane through the main beam are shown on Fig. 6. The reflector design 
lends itself easily to sheet-metal manipulation, and high-grade anodised aluminium 
is used. To withstand outside use aluminium reflectors need careful housing, and 
Fig. 7 shows the general arrangement of the fitting, which houses the control gear 
as well as the reflector; this figure includes an iso-foot-candle diagram for a mounting 
height of 40 ft. To withstand the bad atmospheric conditions the body is made 
of cast aluminium alloy; the unit is fitted with a toughened glass front having a stippled 
finish to eliminate striation. The specular reflector is a replaceable unit though, as 
the floodlight is totally enclosed, it is not expected that it will need to be renewed 
over a period of some years. 

A beam-projection distance of 120 ft. (the width of the Fitting Out Quay) was 
adopted as most useful for the various areas in the yard, and this fixed the mounting 
height at 60 ft. It was considered that at this mounting height atmospheric-absorption 
troubles would not be serious, despite the usually dirty atmosphere of a shipyard. 

To avoid multiplicity of supports several floodlights are grouped together so that 
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the beams overlap sufficiently in the azimuth. The floodlights themselves are mounted 
on short steel pipes grouped around a platform of chequer plating provided with a 
safety hand-rail. The platforms are erected on steel towers; where advantage can be 
taken of buildings, short towers are built on roof steelwork, otherwise self-supporting 
towers are used. Fig. 8 shows examples of both types of towers. 

The approximate illumination over the area of the yard is indicated on Fig. 5. It 
will be seen that the assembly areas are illuminated to a value of about one lumen 
per square foot. Fig. 9 is a photograph of the area at the head of Nos. 1 and 2 berths. 

For the purposes of electricity supply to the floodlights, the towers are grouped 
in convenient numbers and in the centre of a group a 440-volt 3-phase 4-wire supply 
is provided from the yard network. The supply to individual towers is taken from 
unit type metal-clad switchboards through double-pole single-phase and neutral fused 
switches, not more than six floodlights being fed from one fused switch. Two-core 
M.I.C.C. cables are taken from the fused switch to a three-way single-pole galvanised 
watertight distribution-board on the tower platform, each way of the distribution board 


being connected to two floodlights with tough rubber-sheathed V.LR. cable taken up ' 


the centre of the steel pipe support straight into the control box. 

Where more than six floodlights are housed on one tower, a further cable is 
brought from the switchboard and an additional distribution board used. More than 
one phase is never brought to any one platform. 


(3.2) Outside Stores 


Large outside areas are used to store the raw steel plates, steel sections and steel 
bars. The plates are stacked vertically in large racks, and each is marked in white 
marking paint with its identification mark giving its dimensions and class. The steel 
sections and bars are stacked horizontally, and they are similarly marked. Movement 
of labour is relatively low, but the movement of material is comparatively high. As 
in the assembly areas, supports for light sources must be kept to a minimum. The 
plates and bars are handled by cranes, generally travelling steam or electric jib cranes 
on rail tracks, but in some yards the plate-racks and bar-racks are bounded by elevated 
travelling crane structures. 

As the identification markings are fairly large and “stand out” prominently, it 
was thought that an illumination of some 0.5 lumens per sq. ft. on the vertical 
surfaces of the plates and on the ends of the bars would be sufficient, and the installa- 
tion was designed on this basis. The plate racks and bar racks in this yard are served 
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1SO-FOOT CANDLE DIAGRAM 
FOR MOUNTING HEIGHT OF 40 FEET 
INITIAL CONDITIONS: 16800 LUMENS 


Fig. 7. Arrangement of area floodlight using 400w. MA/V lamp and 150-foot candle diagram. 
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Fig. 8. (Above). Typical tower 


arrangements. 


Fig. 9. (Right). Showing area at head 
of Nos. | and 2 berths. 





with overhead travelling cranes running on an elevated track, and the bar racks are 
bounded on two sides by high buildings, as can be seen on Fig. 5. Convenient supports 
were therefore available. 

Partly because of the decision to use mercury discharge lamps in other areas 
of the yard, and partly because of the expected effects of excessive vibration 
from the cranes, the use of filament lamps for illuminating the plate racks was 
not considered and experiments were carried out with fittings housing mercury 
discharge lamps only. With wide-angle open-type floodlights glare was excessive, 
and even when spaced comparatively close the uniformity of illumination was poor. 
Furthermore, vitreous enamel has a short life when used out of doors in a shipyard, 
and so finally a street lighting cut-off lantern was used, equipped with a horizontal 
burning 400-watt MA/V lamp with a magnetic arc deflector. This lantern was 
fitted with a reflector designed to give close control of the light projected along 
the stores to reduce glare, but with a less directional distribution across the stores. 
Fig. 10 shows the profile of the anodised aluminium reflector, the polar curve of 
distribution through two vertical planes, and the general arrangement of the cut-off 
lantern. The body is made of cast aluminium alloy and has a stippled glass front. 
The lanterns are mounted on the elevated crane tracks 40 ft. high, at a staggered 
spacing of 120 ft., and give an average vertical illumination of about 0.5 lumens 
per sq. ft. 

Due to the greater width of the bar racks, cut-off lanterns were not suitable 
and area floodlights are used mounted on the adjacent buildings. 

Identification markings on plates and bars can be read easily, and crane men 
maintain that they can handle the material as well during darkness as in daylight. 
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i. 1” al POLAR CURVE OF LIGHT DISTRIBUTION 
IN TWO VERTICAL PLANES. 
PROFILE OF REFLECTOR. INITIAL CONDITIONS - I8OOO LUMENS. 


Fig. 10. Cut-off lantern using 400 w. MA/V lamp. 


Control switches for the lanterns on the plate racks are housed in the adjacent 
assembly shop and for the bar racks in the adjacent frame shop, the wiring being 
carried out in M.IL.C.C. cable. 


(3.3) Fitting Out Quay 

After a ship is launched from the building berths she is moved to the Fitting Out 
Quay where, as the names implies, she is finally fitted out or completed. The quay 
is bounded on one side by water, and it is desirable that the lighting installation 
be designed so that there are no supports at the’ water edge. The quay is used as 
a stock yard for the machinery and equipment being fitted in the ship, and rail 
access is provided along the full length of the quay. The working area of a quay 
in a large yard may be some 2,000 ft. long and 120 ft. wide. The light must be 
thrown across the width of the quay from one side only and provide maximum 
uniformity from immediately below the sources to the water edge. Glare from 
the sources must be kept to a minimum to avoid discomfort when looking from 
the ship toward the sources. Deep shadows from trucks standing on the quay 
and from high packages and stacked machinery are undesirable. The light sources, 
or spilled light from them, must not interfere with the navigational safety of other 
vessels on the river. The movement of labour and materials is very high, and 
higher values of illumination are desirable than for the outside areas previously 
described; an average of two or three lumens per sq. ft. is recommended. 

The requirements of the Fitting Out Quay decided to a large extent the design 
of the area floodlight previously described in Section (3.1), and as will be seen 
from Fig. 5 these floodlights are used on the quay; they are sited on one side only 
in groups of six mounted 60 ft. high on towers built on the building roof structures 
(Fig. 8 shows the type of tower). The centre of activity in the 2,000-ft.-long quay 
is the fixed tower crane some 160 ft. high, on which three groups of six lanterns are 
mounted at 60 ft. to supplement the illumination in this area. 

The illumination provided varies from three lumens per sq. ft. in the vicinity 
of the tower crane to a minimum of one lumen per sq. ft. along the edge of the 
quay 120 ft. from the building line. Fig. 11 is a photograph of part of the quay 
at night. The quantity and quality of light has proved most satisfactory. Overtime 
work was undertaken at night on completing ships during the winters of the last 
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two years and, according to the shipbuilders, the ease with which this work was 
carried out has amply repaid them for the cost of the installation. 


(4) Lighting of Building Berths 


The lighting of the building berths to enable work to proceed during darkness is 
a difficult problem on berths without permanent overhead structures. Some yards 
have berths bounded by high overhead travelling crane structures and some have 
covered berths. In such situations the provision of artificial lighting is simplified, 
though not easy, but in most yards the berths consist of inclined slipways between 
concrete jetties on which large tower cranes travel the full length of the jetties. The 
old system of handling steel plates and bars with winches and fixed steel derricks some 


100 ft. high is rapidly disappearing. What would have been good supports for light 
sources have gone. 


Methods differ for supporting the outside staging required for the workmen as 
the hull grows from the keel. In some yards steel uprights of channel section, some 
50 ft. high, are erected around the perimeter of the ship, but in other yards the 
stagings are hung outside from the hull as the ship grows from the keel. Where up- 
rights are used they are often utilised for supporting light sources, but they are not 
sufficiently high to give good illumination throughout all stages of ship construction. 
The height may be suitable for the comparatively low levels during the early stages 
but it is not satisfactory by the time construction has reached the upper decks. 

Artificial lighting is required to provide, during the hours of darkness, conditions 
which will allow the free movement of labour and materials about the jetties, the 
berths and the ships being built on them. Men are working on narrow stagings on 
the sides of the ships high above ground during the later stages of construction, they 





Fig. 11. Fitting out quay. 
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are working inside the hulls, on the decks and on the bulkheads and, in later stages, 
between decks. Men are working on the jetties handling materials and down on the 
slipways, perhaps under the ships’ bottoms. On a large ship there may be 300 men 
welding, riveting, fitting, caulking, chipping, joinering, pipe laying and cable laying, 
wiring and painting. Steel in large, heavy unwieldy pieces perhaps some 60 ft. by 
30 ft., is continually being moved down the jetty and swung on to the ships by the 
tower cranes. 

The problem of providing adequate artificial illumination is immense and it is 
obvious that one scheme of general lighting will not provide all the answers to the 
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Fig 12. (Above). Showing method of lighting 


berths from cranes. 


Fig. 13. (Right). Showing trial installation of 
berth lighting. 


problem, but some form of general lighting must be provided over the whole berth 
area, and in providing it care must be taken to avoid glare and deep shadows from 
high light output fittings close to working areas, particularly as the ships grow in height. 
Both horizontal and vertical illumination is required, horizontal for the work on the 
jetties, slipways and decks, and vertical for the work as the ship grows from the keel. 
Because of interference with cranes there should be a minimum of supports for light 
sources on the jetties, the ideal being no supports. The working level varies from the 
ground level of the slipways which can be some 20 ft. below the jetties at the river 
ends, to the top decks of ships on the berths, a difference of anything up to 80 ft. 

No reliable information of the illumination desirable on shipbuilding berths is 
available, but tests carried out on the North East Coast show that an average horizontal 
value of 0.5 lumens per sq. ft. at the jetty level is reasonable. As shipbuilders 
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THE LIGHTING OF SHIPYARDS 


become convinced that the lighting of berths is practicable, there seems no reason why 
values of three to four times this figure should not be adopted. 

The building berths of the shipyard shown in Fig. 5 have neither overhead struc- 
tures nor uprights, the stagings being hung from the ship. The problem of providing 
adequate lighting without glare has proved very difficult. The avoidance of glare 
is of major importance because of men working on the comparatively narrow stagings 
at various levels on the hulls. 

The scheme finally adopted has many shortcomings, but was accepted as the best 
compromise. Sixteen area floodlights previously described (Section 3.1) are erected 


‘some 125 ft. high around the perimeter of the top of each tower crane, and four 


further floodlights are erected lower down the tower some 40 ft. above jetty level. 
One floodlight is housed in the jib, with its beam directed along the jib and at 10 deg. 
below the horizontal, to illuminate the hook when above the cut-off of the other flood- 
lights. The arrangement is shown in Fig. 12, and Fig. 13 is a photograph of the 
trial installation taken during the hours of darkness. 

One disadvantage of this scheme is that it is dangerous to allow the tower cranes 
to travel along the jetties during the hours of darkness because of moving shadows. 
When the scheme was first considered a trial installation was erected on the two cranes 
on one of the jetties and the shipbuilder found that material could be stacked at two 
positions on the jetty during daylight, and then during the one or two hours of dark- 
ness the cranes could be anchored and the ship fed from these positions. The increased 
production resulting from the illumination provided during the hour or two per day it 
is required, has proved so satisfactory that the shipbuilder is prepared to accept this 
limitation of movement during the hours of darkness. This limitation would not 
be acceptable, however, if multiple shift working on the berths was called for. If 
multiple shifts are to be worked and cranes cannot be used for supports, the solution 
might be the installation of batteries of floodlights housing the new high-rating 
discharge lamps on three or four steel towers, perhaps 300 ft. high, sited round the 
perimeter of the berth area. 

The supply to the floodlights is taken from the crane supply which is collected 
from 440-volt 3-phase 3-wire trolley wires. A 4-wire supply for the 20 lamps on 
the crane tower is obtained through a balancer and a 2-way 30-amp. TP and N 
distribution board. The 20 lamps are distributed over the three phases and split into 
groups, each group being controlled independently by a double pole single phase and 
neutral isolating switch. The floodlight on the jib is fed from the control cabin 
through a 15-amp double pole fused switch and a 440/250-volt transformer. All 
wiring is carried out in M.I.C.C. cable. 

A difficult problem not solved by the provision of general light over the berth 
area is the illumination of a ship’s bottom. A large amount of work is done on the 
bottom during the construction of a ship, and whilst with single shift working work 
on this can be restricted to the daylight hours, if multiple shifts are to be worked in 
the future it is probable that the bottom will have to be illuminated. When set on 
the keel blocks of the slipway, a ship’s bottom is only some 6 ft. above ground level 
and can be some 80 ft. wide and 700 ft. long. Lighting will be required to enable 
riveting, welding, caulking and painting to be carried on during darkness. This prob- 
lem has not yet been solved except by portable hand-lamps. 

Once the tank top, that is the “roof,” of the double bottom is laid, interior 
lighting of compartments is required during daylight hours as well as during the 
hours of darkness. For work in small compartments portable hand-lamps 
are the only solution, but in large compartments such as holds engine rooms and 
public rooms, high-wattage lamps can be used but are undesirable. The use of 
cut-off reflectors in these large compartments is not favoured by the workmen as 
the lamps are continually being moved and men are working at all levels and distances 
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relative to the lamps, some below and some above, some close to the lamps and some 
a distance away. The lamps are roughly handled, and low-wattage lamps are expend- 
able, whilst high-wattage lamps and cut-off reflectors are not. Furthermore, low-wattage 
lamps enable the “ Silverlight” or “Pearl” types to be used to mitigate discomfort 
glare. In large compartménts, therefore, it is better to have a large number of low- 
wattage lamps rather than a smalb number of high-wattage lamps. 

The wiring for the temporary lighting required by the builders for a ship on the 
berths is slung anywhere about the ship, is liable to be damaged easily and is treated 
roughly. It is therefore essential to keep the voltage above earth potential as low as 
is practicable, for the whole of the ship is of necessity very efficiently earthed; it has 
to be so for the purposes of arc welding. The voltage almost universally used is 
110 volts DC but 110 volts AC with the centre point earthed is as safe and has some 
advantages. Conversion losses are reduced and distribution is easier as 440/110-volt 
transformers can be tapped into the welding network laid along the berths. 


(5) Conclusions 


The future of artificial lighting in shipyards depends on how the problem of the 
lighting of outside areas is solved, the interior lighting presenting neither difficult nor 
novel problems. The shipbuilder asks the lighting engineer the following questions :— 

(i) Can you provide artificial lighting that will enable ships to be built 
outside under reasonable conditions during the hours of darkness ? 
(ii) If so, what will be the cost ? 

Although the first question can be answered positively, it is suggested that the 
equipment at present available could be improved, and also that schemes so far 
carried out do not give the shipbuilder all the facilities he wants. The shipbuilder 
will pay a fair price for a good lighting scheme if it can be shown that the increase 
in revenue resulting from increased production will pay off capital charges in a 
reasonable number of years. 

The outside lighting installation shown in Fig. 5 provides sufficient illumination 
from efficient light sources without disability glare, it gives an even distribution of 
illumination at the working level, except on the berths, and it uses the minimum of sup- 
ports. It has involved the shipbuilder in a high capital outlay, but allowing 12} per cent. 
for depreciation and maintenance and an electricity cost of 1d. per unit, the cost of 
using the whole installation will be less than £20 per hour based on 300 burning hours 
per annum, the estimated number of hours of darkness on single shift working. It 
is believed by this shipbuilder that the loss of production during the winter due to the 
slowing down and ultimate cessation of work as darkness approaches, is greater than 
£20 per hour. As the annual depreciation charge is about 85 per cent. of the total 
charge it will be appreciated that the cost of £20 per hour will be considerably reduced 
for two shift or three shift working. For example, with 1,000 hours use per annum 
the cost of the whole scheme would be £8 per hour. The bulk of the equipment for 
the scheme described was purchased five years ago and present-day costs are much 
higher, but they would be compared with present-day shipyard costs which have also 
risen. 

Despite the almost unprecedented world demand for new ships, shipyards could 
not work three shifts even if the lighting engineer could provide the lighting installa- 
tions, because additional skilled labour is not available. But it is possible to visualise 
a time in the future when those shipyards which have increased their production and 
lowered their costs by building large modern shops and installing expensive machinery 
will look into the possible savings on the annual costs of the shops and machinery if 
they could be used more than one shift per day. It might be that they could attract 
labour from less efficient yards and work a second shift and thus make better use 
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THE LIGHTING OF SHIPYARDS: DISCUSSION 
of their berths and plant. This would lead to the closing down of the less efficient 
yards and the survival of the efficient, a rather drastic possibility. It has many im- 
plications, including the effect of fewer yards in war-time, but it is put forward as a 
thought for consideration. 

Ignoring the future, however, shipyard lighting, even on single shift working 
offers an opportunity for the lighting engineer to show his ingenuity and skill, the 
results of which can benefit the shipbuilding industry and his own profession. 
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APPENDIX 
Recommended Values of Illumination 
Lm/ft2 Grade Remarks 
Design Office (Boards) .................. 30 4B 
SS ee SE eee 15 4B Floor working level. 
Plate Preparation Shop ............... 10 5B 
Marking-off Tables ..................... 15 4B a supplementary directional 
light. 
RUNS HMENEND 055 cca svasesesscasnassvavnase 8 5B 
MEIOOD MENTOR. ieccssnsescsevavedeseceas 15 4B 
NCHS TUMOD ois. esisscccceccssesevccse 10- 5B Supplementary light on some 
machines. 
Outside Lighting. 

Assembly Areas ................. 1 Vertical illumination to be 
considered if high pieces are 
assembled. 

Plate and Bar Racks............ 0.5 Measured vertically. 

Fitting Out Quay ............... 2 Measured horizontally. 

Building Berths .................. 1 Vertical illumination to be 
considered as ship grows 
from keel. 

Discussion 


Mr. W. R. MELLANBY: I would like to thank you for your kind invitation to 
visit your Society and for the opportunity of hearing this paper read. 

In discussing the paper I do not pretend to have any expert knowledge but hope 
to give the author and your members some idea of a shipbuilder’s thoughts on the 
subject. I must, however, make two points clear :— 

(a) Although I speak as a shipbuilder, my remarks are personal and 
should not be taken as an expression of opinion by the industry. Each ship- 
yard has its own ideas on the amount of light required, the amount worth- 
while and the amount of capital it is prepared to invest. 

(b) I have no connection with the shipyard referred to in the paper. I 
have, however, visited this shipyard during the hours of darkness, when the 
lighting scheme was demonstrated to me. _I represent the more average type 
of shipyard, not the very large shipyard described in the paper. Also, we 
have only 30 per cent. of our assembling and prefabrication areas inside 
covered sheds. 

The author is to be congratulated for his clear description of the layout and 
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processes in a shipyard and for the information given of experiments with lighting, 
leading to a description of an actual installation of an apparently adequate outside 
lighting scheme. 

In common with most shipyards, the shipyard I represent has been modernising 
its equipment, we have built new plating and welding sheds and we have a large new 
shed under construction at the present time. 

| agree with the author that filament lamps are the most economic sources for 
lighting interior workshops. The discharge type lamp has always attracted me, but 
investigations made by a consulting engineer have always proved filament lamps to 
be more economical. 

This comparison, however, can only be made on the single shift system of working. 
The shipbuilding industry will remain a day working establishment for a number of 
years. 

We found it necessary to fit anti-vibration dampers on all the lamp fittings in a 
very large shed, because the 1,000-watt lamps unscrewed themselves out of the fittings. 

I disagree that supplementary lighting for marking off benches is necessary. 
Lights angled from the wall cast difficult shadows and the workmen invariably black 
out the very part of the work they wish to see. We removed such supplementary 
lights from our shops at the request of the workmen. The walls of this particular 
building are 55 to 75 ft. in height and are painted a light green. 

In many shipyards the walls of these sheds are black and dirty, with the 
atmosphere hazy from oxy-acetylene burning and welding fumes. It is the duty of 
the illuminating engineer to point out the value of light coloured walls and efficient 
ventilation. 

The author generally deals with the lighting of high buildings. In my experience 
there are many very low buildings, such as joiners’ workshops which require about 
20 Im./ft.2 at bench level when making high-class furniture. I would like to ask 
the author what lighting scheme he would recommend for such a building. Would 
fluorescent tubes be suitable ? 

It is my opinion that design and general offices should have fluorescent lighting. 
The staff, who. work practically all day in artificial lighting during winter months, 
require special consideration. 

In the second paragraph of Section (2.6) the author states an important fact, i.e., 
the number of ships a yard can turn out per annum is limited by the length of time 
the ships occupy the building berths. It is this that would decide a shipbuilder 
‘whether or not to install lighting on the prefabrication areas. 

The time a vessel is occupying a building berth is subject to the amount of 
prefabrication done. The amount, of prefabrication possible is controlled by two 
factors, that of space and that of time. Most British shipyards suffer from a shortage 
of prefabrication space, and so the available space must be used to its maximum 
capacity. In the yard I represent it has been found possible to reduce berth time 
from six months to four months by means of prefabrication, working only during 
the hours of daylight. 

It can therefore be accepted that production can be increased by extending the 
working time available on restricted prefabrication or assembly areas and for this 
artificial lighting is required :— 

(a) To get 100 per cent. working time during the winter months, thereby 
saving 124 hours which would otherwise be lost; 

(b) To enable the single day shift to work extra time; and 

(c) To enable a double shift to work if required. 

A shipbuilder has to consider whether the cost involved is economic, and would 
probably compare labour costs in conjunction with the illuminating engineer's in- 
stallation costs. 

Consider the average time that lights require switching on in a Sunderland ship- 
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yard. It is generally recognised that men cannot work outside in the dark without 
good illumination and, assuming a five-day week (it is 54-days at present), the loss of 
working time is 124 hours during the winter months. This can be taken as a loss of 
£3,150 productive labour. 

Before considering (b) and (c) it may be of interest to know that the manpower 
required to build ships of about 10,000 tons deadweight is divided over the various 
lighting areas as follows :— 


IED er ee RO whee ele 29.0 per cent. 
PENG DIONE «65 oiaa eens en BOI a i See 
POUNMORUOR CC SHOPE le) PENS TAS RR i or é 
Workshops (joiners, etc.) .........0....008. 40"*;, af 
RN xtc eeis eeey cat ceercs a eet a SP se oes 


As the most expensive labour is that used on the building berth, it is of great 
interest to the shipbuilder to cut down the costs of that department, and as this can 
only be done by reducing time, he would look carefully into the value of installing 
artificial lighting to enable double-shift work on assembling areas. 

Accepting that the approximate direct labour costs of the main areas are, per ship :-— 


£ 
MME TNR, ooh 5,5 ocsactie wm cridig 8 baa cise Melero soi 20,800 
ig | RS eran ate fy aM Haan 5,600 
PAM ORAS Sos 5/55 osonaleves waeaxeea sunee Wig toed ook 7,300 
WN Si cE PRE LAL ail, IR URE RG £33,700 


And accepting that increased prefabrication, given by introducing a part extra shift 
in the fabrication shop and a full extra shift on the assembling area, would reduce the 
berth time by 33 1-3 per cent., experience leads me to believe that the adjusted labour 
costs would be:— 


£ 
BEER IOINANN: a. 5b re are's ¢ Viet a8 + 00 bi8 GRP OS COLORS 12,500 
PRON INRN ONO ie ies nce od cc ee nee Se eue hie caee 6,300 
I GHEE SS oo Sas dak s Ol oe ee aoe od 16,500 
tattle pe elrbei leas dedicat pope dc. 3 £35,300 


An increase of £1,600 per ship. From this extra cost the recovered lost time should be 
deducted, but as this is small it can be ignored. 

The artificial lighting required to illuminate 98,000 sq. ft. of assembling space 
is estimated to cost £2,000. Using 26 400-watt mercury vapour lamps, erected in groups 
50 ft. above ground level, these lamps will consume about 10 kw. per hour. The 
all-in running costs, using the same depreciation as the author, will be about £278 
per annum. 

If the previous building time was six months per ship, a reduction of 33 1-3 per 
cent. berth time would mean an extra ship produced per berth per year, ie., a 
50 per cent. increase in production. 

It does appear that an illumination scheme, such as that described by the author, 
with flood lights fixed in groups on high, widely spaced towers, is very acceptable 
and profitable to a shipbuilder. The possibility that steel supplies and available man- 
power may be insufficient for this extra production cannot be overlooked, however. 

It cannot be accepted that the problem of lighting a ship under construction on the 
building berth to such a level that a second shift is able to work in safety and at an 
economic cost has been solved. 

I would not agree to the travelling tower cranes being immobilised; under such 
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circumstances the transporting and storage of prefabricated sections, necessary to 
such a scheme, would present an insurmountable problem. 

The positioning of the towers about the berths will be difficult, mainly because 
of the space required for the base of the tower. 

The author may have hit upon the solution to this problem. It may be possible 
to illuminate the working areas adequately by installing, say, two very high towers, 
placed at the stem and stern ends of each berth, carrying a number of artificial 
“ suns.” 

In designing a lighting scheme, the engineer should bear in mind the shipbuilding 
limitations of material and manpower, and limit the calculations to single shift working 
or to a specified amount of extra time. It is up to the illuminating engineer to keep 
abreast of the times, and this paper, which must be the first of its kind, should help 
to improve the lighting equipment required so that the illumination of shipyards can 
take its place in the modernisation schemes that many shipyards are now undertaking 
to maintain their place in competitive world shipbuilding. 


Mr. M. A. McTacGarT: I have listened to the paper with the greatest interest 
because it is a substantial contribution to our knowledge of industrial lighting, especially 
in the very difficult field of outdoor lighting in shipyards. 

My particular interest concerns safety and accident prevention, and I would 
emphasise that not only must the lighting allow the work to go on at night, but it 
must also allow the work to go on with safety. 

It is our experience that in industry the classes of accidents most affected by 
lighting are those due to persons falling, persons striking against objects, handling 
goods, etc., and it is interesting to consider some accident statistics for shipyards with 
this in mind. 

For the year 1950, there were 8,901 accidents in shipyards, and of these:— 

901 were due to persons being struck by falling bodies, 

984 were due to persons stepping on or striking against objects, 
1,808 were due to persons falling, and 
2,227 were due to handling or carrying goods. 


The majority of accidents thus fall into the classes where lighting is most important. 
At the present time, shipbuilding is mainly carried on in daylight, so that the majority 
of the accidents shown will have occurred in reasonably good seeing conditions. It 
seems therefore that at night the accident rate will depend substantially on the quantity 
and quality of the artificial lighting provided. If, then, a sharp rise in accidents is to 
be prevented, the safety of workmen must be a fundamental consideration in the 
design of the scheme. I was glad therefore to hear in the paper the repeated references 
to the avoidance of glare, deep shadows and moving shadows. 

The author has described ways and means of illuminating the crane hook when 
it is above the cut-off of the floodlights. It regularly happens, however, that a load is 
being dropped in some position within the hull of the ship, where the crane driver 
cannot possibly see it. The common procedure then is for the slinger’s instructions 
to be relayed to the driver by hand signals from one or more signallers situated at 
strategic points. The hand movements are not large and I am wondering if, in the 
author’s experience, these signals can be perceived accurately under the illumination 
recommended, bearing in mind that the signaller will be standing against a dull back- 
ground. ® 

A last point I would wish to make regards the reference to the Factories Act. 
The ship under construction is part of the factory, and therefore by Section 5 of the 
Factories Act, sufficient and suitable lighting must be provided. The requirements 
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of the draft Regulations, quoted by the author, serve to underline the requirements 
of the main Act. 


Mr. L. A. SANsBuRY: As part of my contribution to the discussion I should like 
to tell you of the shipyard lighting problems of a Royal Dockyard; they differ from 
those of the shipbuilding yard to which the author’s paper refers because the main 
job of a dockyard is ship repair and dry docking, and facilties have to be provided 
on a generous scale for the repair of the complex and varied equipment in H.M. 
ships. 

A Royal Dockyard is a combination of port and store depot with a shipbuilding 
yard, ship repair yard and a complex engineering establishment. It usually contains 
many factories, storehouses, wet docks, dry docks, slipways and berths—and some- 
times floating docks. The larger dockyards cover some 300/400 acres, and possess 
several miles of road: they each employ some 10-20,000 workpeople and staff. 

The lighting practices in the Royal Dockyards are, in common with those of many 
shipyards, influenced strongly by tradition and finance. 

The following details of the lighting practices adopted in the Royal Dockyards 
provide an interesting comparison with the details provided by Mr. McCulloch :— 


(a) Street Lighting. 

This is necessary to permit the safe passage of workpeople and ships’ 
companies, and of vehicular traffic about the dockyards at all hours. A 
high level of illumination is not considered necessary and is not attempted. 
The peak traffic conditions are at “ out musters ” and it is the normal practice 
to stop vehicular traffic completely at such times and to give pedestrians 
right of way. 

This lighting is provided primarily by 230-volt A.C. or D.C. incandescent 
electric lamps of 200-500 watt, mounted on standards or on brackets attached 
to buildings. The mounting height of the light source is usually 25 ft. and 
the spacing varies between 120 and 200 ft. 

Street lighting is continued throughout the hours of darkness to meet 
the needs of shift and maintenance workers, police patrols and ships’ 
companies. 

In planning new street lighting schemes it has been necessary to bear 
in mind passive defence and security needs, and it is hoped in time to equip 
each dockyard with a dual lighting system. Each standard will be fitted 
with a high intensity upper light source for normal use and a lower source 
of lower intensity. for use as an alternative when it is convenient or necessary 
to do so. Such a system will be centrally controlled. 

(b) Interior Lighting. 

In a Royal Dockyard, this embraces the needs of administrative offices, 
drawing offices, mould lofts, factories, workshops, stores, residences, etc. 

Our problems are generally similar to, but more varied than those 
mentioned by Mr. McCulloch. Our internal installations correspond, by and 
large, with the normal commercial practice which existed at the time the 
equipment was installed. The standards adopted for new installations in 
offices and factories to-day are, in general, those advised by illuminating 
engineers. 

As an example, one of the mould lofts was recently relighted with 
500-watt lamps in vitreous enamelled fittings to give an illumination at floor 
level of approx. 13 Im./ft.2 which compares reasonably with the 15 Im./ft.2 
quoted by the author. 

Fluorescent lighting is being adopted only slowly, partly because of the 
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high capital cost and partly because we normally generate our own electricity 
and do not suffer the economic compulsion of a high unit charge for lighting. 


(c) General External Lighting other than Street Lighting. 

We do regard the provision of general external lighting for the safe 
passage of workpeople at berths, jetties, wet and dry docks and floating docks, 
etc., as a necessity, and accept as a duty that this should be supplemented 
by local lighting at particularly dangerous places. 

Permanent lighting is normally provided around the docks and along 
jetties, etc., at a rather higher level than the normal street lighting to which 
reference was made previously. It is necessary to site this lighting well clear 
of the bollards and fairleads at jetty or dock sides so that the standards do not 
obstruct the operations of berthing and warping of ships. Clear spaces 
are also essential for the safe employment of travelling and mobile cranes. 
As a result, there are dark spots in dangerous positions, e.g., on dock steps 
and about the floors and ledges of docks, and illumination there is provided 
by temporary floodlights or by strings of 25-watt lamps in protected holders. 
These are rigged as and when the need arises, and are supplied at 100 volts 
D.C. 

Lighting at access brows to ships in docks or at berths is invariably 
provided by strings of 25-watt lamps at 100 volts D.C. 


(d) Inboard Lighting. . 

In the course of fitting out new ships or when carrying out large con- 
versions or major repairs and when the permanent internal lighting installation 
of the ship is not available for use, arrangements have to be made for 
adequate lighting for workpeople about the ship. Temporary circuits are 
rigged using large lanterns or reflectors wherever they are suitable, but—for 
the reasons given by Mr. McCulloch—these do not fulfil all needs and it is 
necessary to supplement the large lamps by strings of low wattage lamps or 
by incandescent portable lamps which can be used by the workpeople on the 
job. On a large job, substantial flexible feeder cables are taken ahoard toa 
main switchboard sited in a suitable position with distribution feeders to 
small distribution boxes or boards. One hundred volts D.C. is invariably 
employed for the supply to temporary lighting, but this might well, in time, 
be changed to a temporary supply at 100 volts A.C. with the centre point 
earthed. 

As a measure of the extent of these temporarily rigged circuits, it may 
be mentioned that in some of the larger ships (which have many large 
“spaces” suitable for the use of high wattage fittings), the circuits used 
when undergoing an extensive refit may well include 300 to 400 fittings 
of 200/300-watt capacity and some 2,000 of the 25-watt fittings. 


(e) Special Lighting. 

The requirements for special lighting when work has to be done in the 
open at a Royal Dockyard tend to be quite different from those of ship- 
building yards. In the latter, the emphasis is on hull construction and on 
“working in the open”: in the Royal Dockyards the emphasis is on the 
repair of hulls and internal equipment so that relatively more work is done 
“under cover.” Moreover such demands as do arise for: lighting of “ outside 
working areas” tend to be short term demands to cope with urgent repairs of 
alterations. It is seldom that similar jobs with similar lighting needs are 
repeated at the same working site. In consequence temporary circuits are 
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THE LIGHTING OF SHIPYARDS: DISCUSSION 
ity usually rigged for area lighting as the need arises, using fittings of the order 
ng- of 200/300 watt, and sometimes 500 watt. 


Some surprise may be occasioned by the extent to which temporarily 
rigged circuits for area illumination are used to supplement those permanent 


afe lighting arrangements which are normally provided for movement and access, 
ks, but there are a number of good reasons for the practice. The requirements 
ted for “ working area illumination” at any one working site in a repair yard 
are usually of a short term nature, and are not exactly repeated, so that a 
ng very flexible arrangement of temporary circuits is normally more satisfactory 
ich than a permanent system. Also, there are many jobs to be done in a dock- 
car yard, on the upper decks or between decks, for which permanent lighting on 
not the dock side would be quite unsuitable. As a result, a well established 
ces “temporary lighting organisation ” has become a necessity and this is able to 
1€S, deal satisfactorily with short term lighting needs, ashore and afloat. 
rt The practice is inclined to be cumbersome—particularly on the odd 


occasions when large areas have to be lighted—but it does enable competent 


- engineers to provide both general and local lighting just where it is wanted 


ts and when it is wanted at outdoor working sites. It does, however, sometimes 
provide problems of glare and of shadow which require careful attention. 
bly My detailed comments on the author’s paper will be confined to the controversial 
subject of “ area lighting.” He has shown that, when the need arises, a system can be 
produced for fitting-out quays which provides a satisfactory standard of illumination 
for movement on the quays and for access to the ships. The important working sites 
On Ff on the quay are on the ships being fitted out, and it does appear from the photographs 
100 § that the upperworks of the vessels (especially on the sides away from the quay) will 
for require additional illumination if detailed fitting-out work is to be carried out during 
até FT hours of darkness. Perhaps the author would comment on this point, and say how, in 
for his opinion, the illumination can best be provided. 
be The problem of whether or not to provide an area lighting system is almost 
Of § wholly an economic one. There is little doubt that, in the circumstances where regular 
the two or three shift working can be adopted at one working area, a permanent lighting 
. z system will show an economic return as measured by an increase in shipyard output. 
bl But regular shift working tends to be expensive and unpopular, and there may seldom 
‘'Y F be sufficient to warrant extensive permanent lighting systems. 
-_ For single shift working, even when a five-day week is worked, it is doubtful 
int whether an area lighting system on the scale of that described by the author will be 
ai wholly worth while. A single shift, five-day week is normally worked in the Royal 


Dockyards—and we agree with his estimate of 300 burning hours per annum for single 
Tg’ & shift lighting—but we think it would be unwise to assume that the provision of area 
sed lighting would ensure another 300 fully productive hours for outdoor workers. The 
ings § present hours of darkness are not wholly lost at the fitting out berth if a more localised 
system of access and movement lighting is provided; moreover many of the hours of 
darkness coincide with bad weather conditions which would, in any event, restrict 
work in the open. There are many other factors and practices in shipyards which have 
the a bearing on production and which must also be taken into account when determining 
hip- § the economic return which will accrue from a system which has only 300 burning hours 
on § per annum. It does appear that, where a change is made from a 54-day to 
the § a five-day week, the first essential is to ensure that a degree of general lighting exists 
lone § over limited “lanes ” about the shipyard and at quays to facilitate the safe movement 
side § of all workpeople during the hours of darkness. Such a system should be economical 
to install and run, and if supplemented slightly at busy berths, might well replace 

area lighting ” for meeting the normal needs of a five-day single shift week. 
It is a common practice to employ small numbers of men of the fitting-out trades 
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on overtime, or on shifts, at a ship at a quay to relieve a “ bottleneck ” in the fitting- 
out work on board. It is felt that, when this happens, the tendency will be to use the 
“ area lighting system ” over many hours of darkness at high running costs to provide 
movement and access lighting ashore for only a few workmen, which will be 
uneconomic. Will the author please say if this problem has arisen with the installation 
he describes, and how it is dealt with? _ 

In conclusion I would like to say that I have listened to the author's contribution 
to the solution of the shipyard lighting problem with the greatest interest and apprecia- 
tion. Although the problem of producing satisfactory external lighting is very largely 
an economic one, and differs very much from shipyard to shipyard, it does offer 
considerable scope to the illuminating engineer, and warrants very serious attention. 


Mr. A. CUNNINGTON: I welcome the remarks made by several speakers because 
for many years I have been interested in lighting large areas from high towers, and 
it seems that both Mr. McCulloch as a designer and Mr. Mellanby as a user of the 
light, endorse this method of lighting complex areas in the open. It was interesting 
to find the author dealing fully with the economic aspect of the matter. At first 
sight it might appear that high towers were not an economic proposition, but the fixing 
of fittings rather higher than usual—say 150 ft. instead of 60 to 100 ft.—does not in- 
crease the capital charges proportionately and if, as I believe, the seeing power is greatly 
enhanced by downward-directed beams, the scheme becomes a sound one. 

Mr. McTaggart emphasised the question of safety and this is certainly a direction 
in which high lighting benefits by the absence of glare and the reduction in deep 
shadows. The glare arising from low light sources is very apt to interfere with good 
working. 

I was impressed with the special fixture designed for the fitting-out quay. It 
seemed to give a remarkable uniformity at a mounting height of only 60 ft. It appears 
that a similar type of fitting might with advantage be used at a higher mounting for 
larger areas. One has to remember that only a few light sources can be used because 
of the difficulty of finding sites. All the more reason, therefore, that they should be 
of high intensity and mounted at the maximum height that economy will permit. 

The author of the paper challenges the lighting engineer to show his ingenuity 
and skill to improve the design.and quality of equipment available and to give the 
shipbuilder all the facilities he wants. Illuminating engineers will, I feel sure accept 
both parts of this challenge, but the second part should only be accepted with 
reservations. 

The shipbuilder must realise that the lighting man can only apply scientific know- 
ledge to the problem. He cannot break the laws of science. For example he cannot 
defy the law of gravity, nor can he yet make light pass through an opaque screen such 
as a steel plate. The shipbuilder must co-operate with the lighting man. Possibly 
he could provide a roof over the ship on the berth which could be used as a reflector 
or possibly he could space his berths wider apart. Both of these would enable better 
lighting to be applied. 

Architects know that in building design, facilities must be provided for the arti- 
ficial lighting as well as the natural lighting. Shipbuilders I feel, require to under- 
stand the same thing. It they require artificial lighting it is necessary that they should 
co-operate with us. 

If the building berths could be spaced further apart, or if a white reflector wall 
could be built parallel with the keel and between the berths, good quality lighting 
could be provided. 


Mr. C. R. BICKNELL: I think one very valuable feature of this paper is that Mr. 
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McCulloch has done what few people do, he has described methods which have been 
tried and the reasons why they were found wanting. 

I do not quite understand Mr. McCulloch’s reference to anti-vibration devices. 
In the plate preparation shop he tells us that whether or not vibration dampers are 
used, one can expect a life of about 750 hours from incandescent lamps. Immediately 
afterwards he sets down the specification for a good lighting installation for a plate 
preparation shop to include vibration dampers. 

I would like to endorse and add a corollary to his recommendation regarding the 
use of fittings with removable reflectors to ease and cheapness of maintenance. _In- 
candescent filaments crystallise in use and get brittle. It follows that, for best life 
performance lamps should be disturbed as little as possible once they have been put 


into service. A system of cleaning, therefore, that leaves the lamps undisturbed is to 
be commended. 


Mr. S. ANDERSON: I understand that one objection to working by artificial lighting 
at the fitting-out quay is that by artificial light it is dangerous to move the tower cranes, 
and I would like a little further explanation as to why that should be. Is it because 
the absence of light for the crane driver makes it difficult for him to see whether some- 
thing is about to collide with him? If that is so, could not suitable supplementary 
lighting be provided on the legs of the crane ? 

I was very interested in Mr. McCulloch’s idea of artificial “ suns” at a great height 
for general area illumination to permit movement, but I feel that the economics of 
such a system from the point of view of the cost of the supporting structure are likely 
to make it impracticable, particularly if the hours of use are relatively short. In a 
shipyard there are usually a number of high structures already available, and it seems 
to me that for reasonable economy it would be best to mount lights on these existing 
structures for general movement purposes. I do feel, however, for work on the sides 
of the ship a very elevated light source is not going to be an unmixed blessing, because 


there is a great deal of work done on vertical surfaces and the higher the light the 
smaller the illumination of these surfaces. 


Mr. W. H. DopGson : With reference to the lighting of berths that have no adjacent 
columns sujtable for affixing lighting fittings, it has been found that high-level flood- 
lighting from mobile cranes creates a number of difficulties. 

It is essential that the cranes are mobile in order that they may carry out their 
tasks, and in moving up and down the track the light intensity cannot remain constant, 
and the moving lights cast dangerous shadows; furthermore, river mists are not 
uncommon and considerably reduce the value of floodlighting from a high level. 

Experiments are being carried out for lighting these berths by means of 5-ft. 
multi-lamp street-lighting lanterns mounted vertically from a few fixed positions, 
specially prepared. 


_ I should be glad to know if the author has had any experience of this type of 
illumination. 


Mr. S. S. BeGGs: I should like to know how far the lighting described is repre- 
sentative. I understand that it is used in some yards, but I would like a little more 
information on what has been done, since it has also been stated by another speaker 
that in many yards there is no exterior lighting at all. 

I feel that Mr. McCulloch has stated the problem very clearly, but only half 
answered it. Large area lighting has been dealt with very well, but he did point out 
that one of the main problems was to avoid deep shadows from trucks, etc. In the 
illustrations of this lighting, I noticed that all the views were down light, so no deep 
shadows were visible. I do not see how these areas up to 120 ft. wide, lighted from 
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one side, can keep free of shadows from large blocks of material, etc. I should also 
like to know if it is possible to work inside the hull with this lighting, for, although the 
exterior is well illuminated, presumably both the inner surface and between staging 
must be very much in shadow. 


Reply to Discussion 


Mr. Mellanby’s contribution is particularly valuable and gratifying as it comes 
from a shipbuilder. I think his experience with supplementary lighting for marking-off 
tables has been due to incorrect ratio of mounting height to spacing. With correct 
spacing there should be no difficult shadows. 

The answer to his problem of lighting very low shops is the use of comparatively 
low-output sources with low-surface brightness Tubular fluorescent lamps, for example, 
would be satisfactory provided they were housed in correctly designed fittings. 

Mr. Mellanby’s analysis of shipyard labour costs are very informative and valuable 
to lighting engineers. Whilst the theoretical loss of working a five-day week may be 
124 hours during the winter months, experience in the yard described has shown that 
working time can be gained by carrying out preparatory work under artificial light at 
the end of the day shift for the next day shift. This, and dull days, produce the figure 
of 300 hours of use per annum given in the paper. 

The visibility of a signaller, referred to by Mr. McTaggart, depends to a large 
extent on the contrast of the signaller to his background. Whilst high illumination 
values will assist perception, the greatest contribution to the signaller’s visibility will 
be by contrast. 1 agree, most emphatically, with Mr. McTaggart, that if a sharp rise 
in accidents in shipyards is to be prevented during the hours of darkness the artificial 
lighting provided must be carefully designed. This emphasises the need to consider 
carefully the position in the Royal Dockyards, as given in Mr. Sansbury’s contribution. 
The tradition of a low standard of lighting may die hard, but workpeople are liable 
to die easily by such traditions. Mr. Sansbury has made it clear that the problem 
of naval dockyard lighting differs from shipbuilding-yard lighting, but I submit the 
lighting of dangerous positions should not be provided by temporary floodlights and 
strings of 25-watt lamps. The cost of labour and wastage of material in the temporary 
Tigging of 172 outside lighting fittings must be uneconomical. 

The lighting of the fitting-out quay was not designed to provide lighting on the top- 
most works of vessels or on the sides away from the quay. 

Mr. Mellanby’s contribution has shown how artificial lighting for two-shift 
working can be economic, though, unfortunately under present conditions, it is doubt- 
ful if material is available for the extra production. 

The problem of small numbers of men working overtime or on shifts is dealt 
with by group switching employed on the scheme described in the paper. Under 
such conditions only the floodlights required to illuminate the working areas and access 
gangways to them are switched on. 

There are limits to the advantages to be gained by downward directed beams as 
suggested by Mr. Cunnington where vertical illumination is required such as in 
assembly areas and on berths. The area floodlight could be used at higher mounting 
heights and it would provide the same uniform illumination over twice its mounting 
height. If, however, higher mounting heights than 60 ft. are to be used, I believe the 
new high-output light sources will provide more economic lighting. With their much 
higher efficiency we will be better able to afford the loss caused by atmospheric 
absorption at higher mounting heights. 

Mr. Greenaway Brown’s suggestions that the shipbuilders might provide a roof 
over the ships on the berths or that they might space their berths wider apart is not 
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THE LIGHTING OF SHIPYARDS : DISCUSSION 
practicable. The cost of covering berths or of rebuilding berths at wider spacings 
under present day conditions would be fantastic. 

In reply to Mr. Bicknell I have tried unsuccessfully for a long time to get recorded 
information on the advantage or otherwise of vibration dampers used in steel frame 
shops with heavy overhead travelling cranes. Like Mr. Bicknell I prefer fittings in 
which the reflector and not the lamp is removable for maintenance. 

Mr. Anderson is a little confused between the fitting-out quay and the berths. 
The lighting on the cranes is on the berths, not on the fitting-out quay. One of the 
shortcomings of this scheme is not the absence of a light for the crane driver. It is 
the objection to moving shadows on the stagings around the ships being built caused 
by the lanterns on the moving cranes. Mr. Anderson is not correct in stating that a 
shipyard has many high structures already available. Modern shipyards do not have 
high permanent structures at the berths. 

Regarding the use of fluorescent lighting on berths mentioned by Mr. Dodgson, 
a large experimental installation has recently been completed in a yard on the Tyne. 
Street lighting lanterns housing a group of 5-ft. fluorescent lamps are*mounted verti- 
cally on standards about 30 ft. high, spaced about 120 ft. apart on each side of the 
jetties. The illumination on the vertical plane of the ships being built on the berths 
is very good indeed, but the degree of uniformity along the length of the ship is lower. 
Furthermore, the erection of standards is considered by some shipyards to be objec- 
tionable. However, the installation is novel and the results achieved will be examined 
with great interest by all shipbuilders and those interested in shipyard lighting. 

I have to advise Mr. Beggs that the outside lighting described in the paper is not 
representative of shipyards generally. It is only during the last two or three years 
that shipbuilders have realised the advantages of exterior lighting. The deep shadows 
along the fitting-out quay are avoided by the lateral spacing and direction of the area 
floodlights along the quay. It is not possible to work safely inside the hull with this 
exterior lighting when the shell of the hull commences to rise from the double bottom. 
* yg printed paper I have mentioned briefly the problems of interior lighting in the 

ull. 
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